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(57) Abstract 

A depth filter design is disclosed which has little if any open void 
aiea upstream of the media. Preferably, it also has little if any open void 
area downstream of the media as well. A preferred embodiment uses 
layers of stacked, fibrous media with several of the layers being separated 
from the others by spacers which serve to compress the media and to 
prevent the bypass of fluid around the media adjacent the inner wall of 
the housing. Several designs for attaching the end caps which allow for 
the compression of the media are also disclosed. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 





Albania 


BS 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 




Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azetbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Geoigia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Daibados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


IVknienistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HI) 


Hungary 


ML 


Mall 


TT 


Trinklad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


CG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


VZ 


Usbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netlierlands 


YU 


Yugoslavia 


Cil 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cate d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmailc 


LK 


Sri Lanica 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 00/32290 



PCT/US99/28501 



FILTRATION CARTRIDGE AND PROCESS FOR FILTERING A SLURRY 

5 

The present invention relates to a filter and a process for filtering 
particle containing or slurry like materials. More particularly, it relates to a 
depth filter and process for filtering slurries and connpositions containing 
particles and/or gels such as CMP (chemical-mechanical planarization) 
10 slurries, photoresist chemicals and biological fluids such as transgenic milk or 
serum, blood and fermentation broths. 

Background of the Invention 

A fluid composition containing a particulate solid component is referred 
15 to in the art as a "slurry". The solid component can be any of a variety of 
materials including solid particles, cell components, flocculating agents, gel 
particles or the like. These are found in many applications including 
photoresist chemicals, biopharmaceutical products and abrasive materials for 
the semiconductor industry. Photoresist chemical compositions often contain 
20 gels and agglomerates of gels which are formed from the photoresist 
chemical due to shear, shock or age of the chemicals. Such gels and 
agglomerates need to be removed prior to using these chemical 
compositions. Biopharmaceutical liquid compositions such as cell broths, 
fermentation liquids, transgenic milks and other transgeric liquids, blood, 
25 blood fractions or other bacterial or animal fluids or secretions, contain whole 
cells, cell components, fats and other solids which need to be removed to in 
order to further process and recover desired components of these 
compositions. 

Of particular interest are slurry compositions utilized in CMP to polish 
30 wafers in VLSI and ULSI integrated circuit devices. High pH silica CMP 
slurries are utilized to polish dielectric and polysilicone layers. In addition, 
acidic silica and alumina or metal/metal oxide abrasive based slurries are 
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utilized to polish metal interconnects. The CMP process uses submicron (30- 
500 nnn) abrasive particles at a typical concentration of 1-30% by weight 
particles. 

The typical specification for commercial CMP slurries includes percent 
5 solids, pH, specific gravity, mean particle size and general (bulk) particle size 
distribution. However, a small number of "large" particles (>1 urn) have been 
found which fall outside of the specified size distribution. These particles can 
be aggregates, agglomerates or gels and may be formed from agglomeration, 
settling, system or pH shock or local drying of slurry. The large particles and 

10 agglomerates can cause microscratches and they, together with the gels 
cause other defects on planarized wafer surfaces during CMP processing. 
Slurry filtration to remove these relatively large particles has proven to be 
beneficial in reducing wafer defects and increasing yields in CMP processes. 
At the present time a wide variety of filter cartridge constructions are utilized 

15 to purify fluids. These cartridge constructions are designed to remove solids 
and colloidal particles as well as microorganisms. The basic two separate 
and distinct types of cartridges used in filtration of gases and liquids are depth 
filters (typically wound) and surface or screen filters (usually pleated). A 
depth filter is primarily used to remove most of the contaminants and particles. 

20 It is typically utilized upstream of a surface or screen filters. The most 
important properties for a depth filter are its "dirt holding capacity" or 
throughput, pressure drop and retention. The filter design allows 
contaminants and particles to be trapped in stages within the depth of the filter 
due to the construction of the multiple layers of various media types. A wound 

25 depth filter has multiple layers with the most open media (largest micron 
retention rating), i.e., largest pore size usually the outermost layer, adjacent 
the liquid inlet with the tightest media at the core adjacent the liquid outlet will 
have the least amount of surface area due to the smallest diameter around 
which it is wrapped. The layer at the core contributes to most of the pressure 

30 drop of the cartridge because the media has the highest pressure drop and 
the least amount of filtration surface area. Likewise, this layer will significantly 
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reduce the capacity of the filter due to both the low filtration surface area and 
the smallest micron retention rating. 

Presently available depth filters are positioned within a housing, 
spaced apart from the interior housing walls thereby to form a void volume 
5 upstream of the depth filter. This spacing is effected to permit either the 
introduction of a fluid feed into the entire filter or the removal of the entire 
permeate from the filter. If this spacing were not maintained, fluid flow 
through the filter can be severely restricted. As a result, a relatively large high 
fluid hold-up volume occurs in a conventional filter unit. A depth filter 

10 construction utilizing such a spacing also is disadvantageous for filtering a 
slurry since the particles in the slurry can settle out of the slurry on and within 
the filter. This results in rapid plugging of the filter, particularly at low flow rate 
point of use applications. 

Depth filters comprising a relatively deep bed of filter material are 

15 undesirably compressible under the pressure of fluid entering the filter bed. 
Filter bed compressibility depends upon the type of filter, retention 
characteristics of the filter and thickness of the depth filter. For example, thick 
filter beds are more compressible than thinner filter beds. When the filter bed 
is compressed, void volume is reduced and, the probability of plugging is 

20 increased. This results in an undesirably short useful life of the filter. In 
addition, compression of the filter bed requires that the pressure of feed fluid 
be increased in order to maintain desired fluid through put rates. These 
conditions of increased pressure increase the probability that undesirable 
channeling of fluid in the space between the filter housing and the filter bed 

25 results. Such channeling is undesirable since the channeled fluid does not 
pass through the filter bed and undesirably large particles are not removed 
from the fluid. 

A surface or screen filter will retain virtually 100% of the particles or 
contaminants for which it is rated. The media used in surface or screen filter 
30 typically has a high pressure drop and low "dirt holding capacity" or 
throughput because of its high retention efficiency. The media normally used 
in a surface filter comprises glass or polymeric microfibers. Particles are 
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retained by size exclusion primarily on the surface of the screen filter rather 
than within the depth of the filter. Particles snnaller than the controlled pore 
size tend to be trapped within the media of the surface filter. However, as a 
result of the controlled pore structure, they provide more predictable filtration 
5 than depth filters. Screen filters are not useful for filtering a slurry since they 
will become plugged quickly by the solid particles and gels in the slurry. 

Accordingly, it would be desirable to provide a filter cartridge including 
a depth filter for filtering a slurry which effectively removes undesirably large 
solid particles and gels. In addition, it would be desirable to provide such a 
10 filter cartridge which permits passage there through of particles in the slurry 
within a desired particle size range. Furthermore, it would be desirable to 
provide such a filter cartridge wherein compression of the depth filter is 
controlled to substantially prevent compression of the depth filter and 
channeling of the slurry being filtered. 

15 

Summary of the Invention 

The present invention comprises a process for filtering a slurry and a 
filter cartridge construction for filtering a slurry having a filtration medium 

20 formed of a depth filter such as a cylindrical seamless fibrous depth filter 
comprising a nonwoven fibrous mass, woven fibers, a plurality of nonwoven 
fibrous layers of a fibrous felt or the like or a wound depth filter retained within 
a housing substantially free of an open void volume upstream of the depth 
filter which causes separation of solid particles from a slurry being filtered. 

25 The filtration medium is preferably divided into a plurality of depth filter 

segments by spacers having an open central portion. The spacers serve to 
divide the depth filter medium and to allow fluid to pass there through. By 
utilizing the spacers, the compressibility of the filtration medium is 
substantially reduced. The spacers also prohibit channeling along the inner 

30 wall of the housing during filtration. By the term "open void volume" as used 
herein is meant a volume free of a material including materials for forming a 
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depth filter and is not meant to include the void volume normally encountered 
in conventional filter-housing construction. 

One end of the cartridge of this invention is sealed with a cap having a 
fluid inlet while the opposing end is sealed with a cap having a fluid outlet. 

5 When the filtration medium is a wound depth filter, it is positioned around a 
core which extends substantially the length of the cartridge. When the depth 
filter comprises a nonwoven fibrous mass, it is compressed to effect the 
desired percent retention efficiency of the mass. The depth filter also can 
comprise a layered filter construction having a plurality of filtration media, 

10 each having a controlled percent retention rating. The layers of the depth 
filter are formed of felt layers, of wound or layered flat filtration sheets, woven 
fibers or of a fibrous mass of nonwoven polymeric fibers secured together by 
mechanical entanglement or interweaving of the fibers. The filter cartridges of 
this invention retain undesirably large particles and gel particles which 

15 permitting passage there through of particles of a slurry having a size within a 
desired size range. 

It is an object of the present invention to provide a fitter cartridge for 
filtering a slurry composition which comprises a hollow housing having a first 
end including an inlet and a second end including an outlet, said hollow 

20 housing being filled with a depth filter and being free of an open void volume 
upstream of said depth filter. 

It is another object of the present invention to provide a filter cartridge 
for filtering a slurry composition which comprises a hollow housing having a 
first end including an inlet and a second end including an outlet, said hollow 

25 housing being filled with a depth filter and being free of an open void volume 
upstream of said depth filter and said depth filter is formed of segments 
separated by annular spacers. 

It is another object of the present invention to provide a filter cartridge 
for filtering a slurry composition which comprises a hollow housing having a 

30 first end including an inlet and a second end including an outlet, said hollow 
housing being filled with a depth filter and being free of an open void volume 
upstream of said depth filter, said depth filter is formed of segments separated 
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10 



15 



20 



25 



by annular spacers, and the inner walls of the housing adjacent the ends of 
the housing have one or more slots formed therein, the end caps contain one 
or more C-rings and the C-rings secure the end caps to the housing by fitting 
at least partially into the one or more slots of the housing. 



Fig. 1A is a cross-sectional view of the filter cartridge of this invention. 
Fig. 1 B is a cross-sectional view of another embodiment of the filter cartridge 
of this invention. 

Fig. 2 is a cross-sectional view of the filter cartridge of the prior art. 

Fig. 3 is a partial cross-sectional view of one end cap embodiment for 
the depth filter of this invention. 

Fig. 3a is a top view of the element of the end cap of Fig. 3. 

Fig. 4 is an isometric view of the end cap of Fig. 3. 

Fig. 5 is a partial cross-sectional view of one end cap embodiment for 
the depth filter of this invention. 

Fig. 6 is a partial cross-sectional view of one end cap embodiment for 
the depth filter of this invention. 

Fig. 7 is a partial cross-sectional view of one end cap embodiment for 
the depth filter of this invention. 

Fig. 8 is a partial cross-sectional view of one end cap embodiment for 
the depth filter of this invention. 

Fig. 9 is a partial cross-sectional view of one end cap embodiment for 
the depth filter of this invention. 

Fig. 10 is a graph showing the test results of Example 1 . 



The present invention provides a filter cartridge construction which 
comprises (1) a depth filter comprising either (a) a wound depth filter, (b) a 
stack of depth filters or (c) a cylindrical seamless fibrous depth filter formed 
from a fibrous mass of fibers. The depth filter has a thickness in the direction 



Brief Description of the Drawings 



Description of the Specific Embodiments 
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of fluid flow there through of between about 1 and about 18 inches, preferably 
between about 3 and about 12 inches to attain effective retention of 
undesirably large particles while permitting passage there through of particles 
within a desired size range. 
5 The depth filter preferably includes a plurality of annular spacers 

positioned within the depth filter in order to segment the depth filter into 
segments. The ratio of depth filter segment thickness to spacer thickness is 
between about 1.1: 1 and about 5:1, preferably is between about 1.5: 1 and 
about 3:1. The spacer comprises an annular ring with an open central 

10 portion. The spacer has a thickness between about 0.01 and about 0.12 
inches, preferably between about 0.01 and about 0.07 inches. The spacers 
provide a means for substantially reducing the compressibility of the depth 
filter during use under the pressure of feed fluid. A spacer providing a depth 
filter segment to spacer ratio of greater than about 5 is generally ineffective for 

15 reducing compressibility of the depth filter. A spacer having a thickness 
greater than about 0.12 inches is undesirable since it will promote separation 
of solid particles from a slurry being filtered due to a large space between filter 
medium segments. In this instance, one may insert or bond a piece of 
filtration medium into the opening of the spacer to form an essentially 

20 continuous medium subject to the flow of fluid through out the length of the 
filter. 

Alternatively, one may eliminate the use of the spacers, especially in 
shorter lengthed devices or with relatively rigid filtration media or with media 
used in the form of a wound depth filter or a cylindrical seamless fibrous depth 

25 filter formed from a fibrous mass of fibers. However, even here the use of 
spacers are desirable for the advantages outlined above. 

The depth fitter of this invention preferably comprises one or a plurality 
of media each having the same or different micron retention size in the form of 
a stack of depth filters. In one embodiment, the depth filter comprises a 

30 plurality of media (layers) each having a different micron retention size so that 
the retention of the media layers is greatest adjacent the fluid outlet from the 
cartridge. Micron retention size can be varied by controlling the fiber size 
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and/or fiber spacing. Thus, large particles will be retained adjacent the feed 
inlet and progressively smaller particles will be retained as the feed passes 
through the filter cartridge. The permeability or retention of the media layers 
is controlled so that particles in the slurry within a desired particle range pass 
5 through the cartridge and through the outlet. It has been found, in accordance 
with this invention, that the useful life of the cartridge of this invention is at 
least about 50 percent longer, preferable at least about 200 percent longer 
than a prior art filter cartridge having a void volume in a housing positioned 
upstream a depth filter positioned within the housing. Thus, the filter cartridge 

10 of this invention permits the use of fewer cartridges for a particular application 
and cost as compared to the filter cartridges of the prior art. Percent retention 
efficiency and Beta Ratio are measures of the ability of the ridge to capture 
and retain particles. The Beta Ratio concept was introduced by the Fluid 
Power Research Center (FPRC) at Oklahoma State University (OSU) in 1970. 

15 Originally developed for use in hydraulic and lubricating oil filters, the test has 
been adapted by many cartridge manufacturers to measure and predict the 
cartridge filter performance in aqueous based fields. Beta Ratio is defined by 
the FPRC as the number of particles greater than a given size (x) in the feed, 
divided by the number of particles greater than the same size in the effluent. 

20 Both percent retention efficiency and Beta Ratio values are calculated for 
specific particle size ranges. 

The following equations showed the relationship between Beta Ratio 
and percent retention efficiency: 

25 % Retention Efficiency = Number of feed particles-Number of effluent particles 
(size X) X 100 

Number of feed particles (size X) 

Beta Ratio (B) = Number of feed particles (size X) 
30 Number of effluent particles (size X) 

% Retention Efficiency = B-1 X 110 
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B 

Beta Ratio (B) = X 

100 - % Retention Efficiency 

5 

In the filter cartridge of this invention, the filter medium of the depth 
filter having the largest micron retention is preferably positioned adjacent an 
inlet to the filter cartridge. The filter media of the depth filter having the 
smallest micron retention is preferably positioned adjacent the outlet from the 

10 filter cartridge. The micron retention characteristics of a filter can be varied by 
varying the diameter of fibers used to form the filter and/or the extent of 
compression of the fibers such as by winding a filter medium sheet tighter or 
looser around a core. A tighter wound filter medium gives a higher percent 
retention efficiency. The intermediate filter media are positioned according to 

15 percent retention of efficiency so that incoming slurry is passed sequentially 
through the filter media having progressively smaller micron retention and 
lastly through the filter media having the smallest micron retention. Thus the 
overall filter cartridge presents a percent retention efficiency which comprises 
a progressive gradient from the inlet to the outlet wherein the percent 

20 retention efficiency progressively increases. 

Representative media useful for forming the depth filter include the 
fiber of polyolefins such as polyethylene, polypropylene, cellulose including 
cellulose/diatomaceous earth or silica blends as are available from Millipore 
Corporation of Bedford, Massachusetts under the brandname MILL1STACK+, 

25 cellulose derivatives such as cellulose acetate, cotton, polyamides, 
polyesters, fiberglass, polytetrafluoroethylene (PTFE), fluoropolymers such as 
PFA, MFA and PEP or the like. 

The fibrous depth filter is free of seams and is formed of fibers which 
produce a fibrous mass of fibers. This embodiment of the depth filter can be 

30 characterized by a gradation of micron retention characteristics throughout its 
thickness in the direction of fluid flow through the depth filter. This gradation 
can be achieved either by varying the void volume of the cylindrical fibrous 
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depth filter medium as a function of thickness in the direction of fluid flow 
through the filter or by maintaining a constant volume and varying the size of 
the fibers as a function of depth filter thickness in the direction of fluid flow 
through the depth filter. In either embodiment all that is necessary is that the 
5 gradation of micron retention characteristics is produced. The gradation is 
effected such that the slurry to be filtered first encounters a layer of the depth 
filter having a largest micron retention characteristics (i.e. largest pores) and 
encounters layers having progressively smaller micron retention 
characteristics (i.e. smallest pores) prior to being directed through the outlet. 
10 The seamless cylindrical fibrous depth filter can be formed by any 
conventional means such as is disclosed in U.S. patents 3,933,557; 
4,032,688; 4,726,901 or 4,594,202 which are incorporated herein by 
reference. 

Representative slurries which can be filtered in accordance with this 

15 invention include CMP slurries such as silica-based slurries, alumina-based 
slurries, ceria-based slurries, diamond-based slurries, manganese dioxide- 
based slurries, fitanium and other metal or metal oxide slurries. Addifionally, 
representative biological-type slurries in which the filter of this invention can 
be used include cell broths whether containing whole cells or ruptured cells or 

20 cellular components, fermentation products, a transgeric liquid such as 
transgeric milk, blood, a blood fracfion or other slurries which contain large 
components which need to be separated from smaller components. 

In one method for fomning a cylindrical seamless fibrous depth filter, for 
example, a molten thermoplastic composition is spun from a multiplicity of 

25 orifices arranged at an angle to a rotating mandrel. The orifices are 
positioned at a plurality of distances from the mandrel. Gas is directed at the 
orifices in a direction generally in the direction of projection of the fibers from 
the orifices to attenuate and disrupt the fibers into discrete lengths. The fibers 
are collected and wound on the mandrel to form a generally spiraling wound 

30 cylindrical layer of randomly intertwined spun fibers and to form the seamless 
cylinder which can be removed from the mandrel. Micron retention 
characteristics for a given layer can be controlled by controlling the rate of exit 
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of fibers from a particular set of orifices which produce a given layer, thereby 
to control the void volume in that layer. 

In a second method, the cylindrical seamless fibrous depth filter is 
formed in a manner whereby the void volume throughout the filter thickness in 
5 the radial direction is essentially constant. The desired micron retention 
characteristic gradation is achieved by varying the size of the fibers 
throughout the cylindrical fibrous depth filter in the radial direction. The 
smallest fibers produce a layer having the smallest micron retention 
characteristics while the largest fibers produce a layer having the largest 

10 micron retention characteristics. The fibers are formed by extruding a molten 
thermoplastic composition from a fiberizing die. The fibers are attenuated by 
a gas stream directed to a rotating reciprocating mandrel. The fibers are 
cooled prior to their collection on the mandrel to a temperature below which 
the fibers bind to each other to substantially eliminate fiber to fiber bonding. 

15 The cooled fibers are collected on the mandrel and are subjected to a 
compression force to effect a substantially constant void volume through the 
thickness of the cylindrical seamless fibrous depth filter in the radial direction. 
The cylindrical and fibers depth filter can be formed on the pleated on a core. 
Typically, the void volume of the cylindrical fibrous depth filter ranges 

20 between about 60 and 95 percent and varies no more than about 1 to 2 
percent. Typically the fibers range in diameter between about 1.6 and 16 
micrometers. The compositions for forming the depth filter of this invention 
also can have specific properties either inherent of added such as 
hydrophilicity, hydrophobicity, a positive or negative charge or the like. 

25 Charged media is particularly useful in the purification of products such as 
photochemicals including dye solutions, pigment disprsed fluids used in the 
manufacture of color filters for LCDs and in biological applications such as 
virus removal and protein separations. 

The wound depth filter is formed by winding one or a plurality of filter 

30 sheets formed of fibers to form a joint generally cylindrical structure. The filter 
sheet or sheets have varying pore size such that the micron retention 
characteristic of a portion of the depth filter as a function of radial position 
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within or on the depth filter. The portion of the wound depth filter positioned 
adjacent an inlet to the filter cartridge including the wound depth filter has the 
largest micron retention characteristics while the portion of the wound depth 
filter having the snnaliest micron retention characteristics, i.e. the smallest 
5 pore size is positioned adjacent the outlet from the filter cartridge. Any 
intermediate portions of the wound depth filter are positioned according to 
pore size so that incoming slurry is passed sequentially through portions of 
the depth filter having progressively smaller micron retention characteristics 
and lastly through the portion of the filter having the smallest micron retention 

10 characteristics. Representative media useful for forming depth filters include 
the fibers set forth above for the cylindrical seamless fibrous filters. 

The depth filter can be formed from one or a plurality of separate filter 
sheets by stacking the sheets within a housing in a manner such that an open 
volume within the housing upstream of the depth filter which would promote 

15 particle separations from a slurry is avoided. The filter sheet or sheets can 
have the same pore size or varying pore size such that the micron retention 
characteristic of a portion of the depth filter varies along the length of the 
housing. When utilizing sheets having varying pore size, the portion of the 
filter stack positioned adjacent an inlet to the filter cartridge preferably has the 

20 largest micron retention characteristics while the portion of the filter stack 
having the smallest micron retention characteristics, i.e. the smallest pore size 
is preferably positioned adjacent the outlet from the filter cartridge. Any 
intermediate portions of the filter stack are positioned according to pore size 
so that incoming slurry is passed sequentially through portions of the depth 

25 filter having progressively smaller micron retention characteristics and lastly 
through the portion of the filter having the smallest micron retention 
characteristics. Representative media useful for forming the filter stack 
include the fibers set forth above for the cylindrical seamless fibrous filters. 

Referhng to Fig. 1A and IB, the filter cartridge 10 of this invention 

30 includes a housing 12 and end caps 14 and 16 which are sealed to housing 
12 and end caps 14 and 16 which are sealed to housing 12 by means of O- 
rings 18 and 20. The embodiment of Figure 1A contains the spacers while 
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the embodiment of Figure 1B does not. The end caps 14 and 16 can be 
attached to housing 12 by any conventional means such as by screwed onto 
or outside threaded surface of housing 12. End cap 14 is provided with an 
inlet 24 and end cap 16 is provided with an outlet 25. A plurality of stacks of 
5 filter sheets 28 are positioned within housing 12 separated by annular spacers 
27 throughout the height of the housing 12 not occupied by end caps 14 and 
16. Each of the sheets 28 comprises a filter medium as described above. 
The interior of housing 12 is a free of open volumes. That is, it is completely 
filled with the stack of filter sheets 28 separated by annular spaces 27 having 

10 an open central volume. 

Referring to Fig. 2, the filter cartridge 30 of the prior art includes a 
housing 32 having an inlet 34 and an outlet 36. A filter cartridge 38 includes a 
depth filter 40 wound around a hollow core, an end cap 44 sealed to the core 
42 and depth filter 40 and an outlet 46. Each of the sheets 48 comprises non- 

15 woven fibers as described above. The interior of housing 32 includes a void 
volume 31 . When a slurry is filtered with this filter cartridge, the filter becomes 
plugged rapidly due to precipitation of particles from the slurry onto the 
exposed surface of the depth filter adjacent the open void volume 31 . 

Referring to Figs. 3, 3A and 4, a preferred end cap construction of this 

20 invention is shown. The end cap 50 includes two spring-loaded C-shaped 
rings 52 which are compressed to fit into slots 53 and 54. The O-ring 55 fits 
into slot 56. When the end cap 50 is positioned into housing 12, the C-rings 
52 are allowed to expand into slots provided in housing 12 to be positioned as 
shown in Fig. 3. It is to be understood that a single C-shaped ring 52 can also 

25 be utilized in this preferred embodiment of the present invention. This C-ring 
construction provides excellent sealing within the housing to prevent leakage 
from the housing. 

The end cap 51 includes an inner bottom surface 58 having ribs 60 
which promotes substantially uniform distribution of incoming fluid feed over 
30 atop surface of the depth filter construction of this invention. The maximum 
height 61 of the ribs 60 is between about 0.25 and about 1.0 inches, 
preferably between about 0.25 and about 0.5 inches. This height is 
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sufficiently small as to prevent separation of solid particles from a slurry to be 
filtered while promoting the desired uniform distribution of incoming slurry 
feed. 

Referring to Fig. 5 a second preferred end cap construction of this 

5 invention is shown. The end cap 70 is formed of two pieces 71 and 72 is 
attached to the top of the filter housing 73 rather than the interior of the 
housing as is shown in the embodiment of Figures 1A and 1B. One spring- 
loaded C-shaped ring 74 is compressed to fit into slot 75 formed on the inner 
surface of the housing 73 adjacent an end. The inner cap piece 71 is retained 

10 within the bore of the housing below the slot 75 by the ring 74. It also has an 
0-Ring 76 which fits into slot 77 to prevent any leakage from the interior of the 
housing. Outer end cap piece 72 is retained to the inner piece 71 by a snap 
fit 78 between the two pieces. After the inner end cap piece 71 is positioned 
into housing 73. the C-ring 74 is placed into the housing and allowed to 

15 expand into slot 75 provided in housing 73 to be positioned as shown in Fig. 
5. It is to be understood that a single C-shaped ring 74 is preferably used in 
this device although two may be used or one ring may be formed as two 
halves and used instead. This C-ring construction provides excellent sealing 
within the housing to prevent leakage from the housing. 

20 The inner end cap piece 71 includes an inner bottom surface 79 having 

ribs 80 which compress and promote a good seal between the media 81 and 
the inner cap piece while providing a small space for the substantially uniform 
distribution of incoming fluid feed over atop surface of the depth filter 
construction of this invention. The maximum height of the ribs 80 is between 

25 about 0.25 and about 1.0 inches, preferably between about 0.25 and about 
0.5 inches. This height is sufficiently small as to prevent separation of solid 
particles from a slurry to be filtered while promoting the desired uniform 
distribution of incoming slurry feed. 

The outer cap piece 72 has an outer lip 82 which extends out over the 

30 outer diameter of the housing and along a portion of its side. It also may 
have a nib 83 which is made to fit between the inner wall of the housing and 
the upper leg 84 of the C-ring 74. 
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This end cap design provides several advantages. First it is simpler to 
manufacture and assemble. It reduces the potential for the media to be 
deformed (puckering or wrinkling of the upper layer of the media) during 
assembly which leads to fluid bypass. The nib 83 helps to prevent the cap 
5 assembly 70 from flexing when under pressure. 

Fig 6 shows another end cap design of the present invention. In this 
embodiment, the end cap assembly 90 is again two pieces, 91 and 92. The 
housing 93 has an outwardly extending flange 94. The first end cap piece 91 
is placed on top of the end of the housing 93 and flange 94 as shown and 

10 retained to the housing via a clamp or C-ring 95. The outer end cap piece 92 
is snap fit or otherwise retained on to the inner cap piece 91. As can be seen 
the outer portion of the inner end cap piece 96 is a flange which is 
substantially co-extensive with the flange 94 of the housing 93. The design of 
this embodiment eliminates the need to machine the slot into the inner wall of 

15 the housing while providing the good seal and compressibility of the other 
embodiments. 

Fig 7 shows another embodiment which is a variation of the 
embodiment of Fig 6. To the extent that the pieces represent the same item 
in both drawings, the same number has been used. The difference in this 

20 embodiment is that the outer edge 97 of the inner cap piece 91 is substantially 
equal to the inner diameter of the housing, but in no event is it greater than 
the inner diameter of the housing. It is still retained within the housing by the 
clamp or C-ring 95. 

Fig 8 is a modification of Fig 5. In this embodiment, there is no nib as in 

25 Fig 5. Instead one relies upon a thicker, broader flange 100 on the c-ring 101 
to hold the inner cap piece 102 within the housing 103 and to prevent any 
flexing of either the inner piece or outer cap piece 104 when under pressure. 
Additionally, ribs 105 extend downward from the outer cap piece 104 and 
touch the inner cap piece 102 providing additional strength and rigidity to the 

30 end cap design. Further the inner surface 106 of the inner cap piece 102 is 
formed as a series of fins rather than as a solid piece as was shown in other 
embodiments. 
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Fig 9 shows a modification of the design of Fig 8 where in the ribs 110 
on the outer cap piece 111 do not touch the inner cap piece 112. The inner 
cap piece 1 1 2 is a solid piece unlike that of the embodiment of Figure 8. 

• Lastly, other embodiments can also be used to attach the end caps to 
5 the housing such screw threads formed on the housing and the end cap (not 
shown) or heat bonding the end caps to the housing (not shown). Any such 
design is acceptable so long as it forms a leak proof seal which is capable of 
compressing the depth media and which is capable of withstanding any 
pressure it may normally be subjected to. 

10 

Example 1 

This example illustrates the use of the filter cartridge of this invention 
as shown in Fig. 1. The results are shown in Fig. 10. In Fig. 10, the filter 
cartridges of this invention are identified as "HD filters 1,2,3" and included 70 

1 5 annular spacers separated by filter segments made of polyproplene melt- 
blown and spun-bond fibers having a height of between 0,10 and 0.18 with a 
total height of 9.1 inches. The control filters 1a and lb had the following 
construction: spun-bond and melt-blown fibers formed into a series of 
sequentially tighter cohesive fabrics and wrapped around a perforated core. 

20 The control filter 2 had the following construction: spun-bond and melt-blown 
fibers formed into a series of sequentially tighter cohesive fabrics and 
wrapped around a perforated core. 

A diluted silica slurry comprising 12 percent silica particles by weight 
was filtered through each of the filter cartridges. Control filter 2 was brought 

25 on line after filters 1a and lb plugged.. Control filter 3 was brought on line 
after control filter 2 plugged. The slurry was circulated through the filters from 
a 20 gallon tank at a constant flow rate of 250 ml/min. The pressure drop 
across each filter was monitored to determine the extent of loading on the 
filter. When the initial control filter (la and lb) plugged, a second control filter 

30 (2) was brought on line to test against the filter of this invention. A third 
control filter (3) was brought on line after the second control filter was 
plugged. 
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As shown in Fig. 10, tlie depth filter construction of this invention have 
a useful life about 2.5 times the useful life of a conventional filter when filtering 
a slurry. 

5 
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What we claim: 

1 . A filter cartridge for filtering a slurry composition which comprises a 
hollow housing having a first end including an inlet and a second end 

5 including an outlet, said hollow housing being filled with a depth filter and 
being free of an open void volume upstream of said depth filter. 

2. The filter cartridge of claim 1 further comprising said depth filter is 
formed of segments separated by annular spacers. 

10 

3. The filter cartridge of claim 1 wherein said depth filter segments 
comprise a wound depth filter comprising nonwoven fibers. 

4. The filter cartridge of claim 1 wherein said depth filter segments 

1 5 comprise a stack of sheets wherein each sheet comprises nonwoven fibers. 

5. The filter cartridge of claim 1 wherein said depth filter segments 
comprise a fibrous mass of nonwoven polymeric fibers secured together by 
mechanical entanglement of the fibers. 

20 

6. A process for filtering a slurry which comprises passing a slurry through 
a filtration cartridge filled with a depth filter, said cartridge being free of an 
open void volume upstream of said depth filter, and recovering a filtered slurry 
from said cartridge. 

25 

7. The process of claim 6 further comprising said depth filter segments 
being separated by annular spacers 
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8. The process of claim 6 wherein said depth filter segments comprise a 
wound depth filter comprising nonwoven fibers. 
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9. The process of claim 6 wherein said depth filter segments comprise a 
stack of sheets wherein each sheet comprises nonwoven fibers. 

1 0. The process of claim 6 wherein said depth filter comprises a fibrous 
5 mass of nonwoven polymeric fibers secured together by mechanical 

entanglement of the fibers, 

1 1 . The process of any one of claims 6, 7 8 or 9 wherein said slurry is 
selected from the group consisting of a silica-based slurry, an alumina-based 

10 slurry, a ceria-based slurry, a diamond-based slurry, a Mn02- based slurry, a 
cell broth, a photoresist chemical, a fermentation liquid, blood, a blood fraction 
and a transgenic liquid. 

1 2. The process of any one of claim 6, 7, 8 or 9 wherein said slurry is 
15 selected from the group consisting of a silica-based slurry, a ceria-based 

slurry, a diamond-based slurry, a Mn02- based slurry and an alumina-based 
slurry. 

1 3. The process of any one of claims 6, 7, 8 or 9 wherein said slurry is 
20 selected from the group consisting of a cell broth, a photoresist chemical, a 

fermentation liquid, blood, a blood fraction and a transgenic liquid. 

14. The process of claim 6 wherein said slurry is transgenic milk. 

25 1 5. The filter cartridge of claim 2 wherein the ratio of depth filter segment 
thickness to spacer thickness is from about 1.1:1 to about 5:1. 

1 6. The filter cartridge of claim 2 wherein the ratio of depth filter segment 
thickness to spacer thickness is from about 1 .5:1 to about 3:1 . 
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1 7. The filter cartridge of claim 1 further comprising the housing is free of 
an open void volume downstream of said depth filter. 
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18. The filter cartridge of claim 1 wherein the depth filter is precompressed 
into its final length before insertion into the housing. 

5 19. The filter cartridge of claim 1 wherein the end caps are secured to the 
housing by a mechanical device. 

20. The filter cartridge of claim 1 further comprising the inner walls of the 
housing adjacent the ends of the housing have one or more slots formed 

10 therein, the end caps contain one or more C-rings and the C-rings secure the 
end caps to the housing by fitting at least partially into the one or more slots of 
the housing. 

21 . The filter cartridge of claim 1 further comprising the outer walls of the 
1 5 housing adjacent the ends of the housing have a flange formed thereon, the 

end caps are secured to the flange by a C-ring. 

22. The filter cartridge of claim 1 further comprising the end caps are 
formed of two or more pieces known as the inner end cap piece and outer end 

20 cap piece and the inner walls of the housing adjacent the ends of the housing 
have one or more slots formed therein and at least the inner end cap piece is 
secured by one or more C-rings at least partially fit into the one or more slots 
of the housing. 

25 23. The filter cartridge of claim 1 further comprising the end caps are 



formed of two or more pieces known as the inner end cap piece and 
outer end cap piece and the inner walls of the housing adjacent the 
ends of the housing have one or more slots formed therein, the inner 
end cap piece is secured by one or more C-rings at least partially fit 



30 



into the one or more slots of the housing and the outer end cap piece is 
secured to the inner cap piece. 
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24. The filer cartridge of claimi wherein the media has a surface treatment 
selected from the group consisting of hydrophobicity, hydrophilicity or 
a positive or negative charge. 
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